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Earthquakes are traditionally located using travel times. However, since the
ground-motion amplitude generally decays with the distance from the source, it should also
be possible to locate earthquakes using amplitude data. Locating earthquakes with
amplitudes has its own merits: For post-earthquake emergency services, it is often more
important to know the spatial distribution of strong-motion parameters such as peak
acceleration and peak velocity than the rupture initiation point itself. In view of this
importance, we developed a method to locate earthquakes using the amplitude data
observed with digital seismic stations in Southern California. The on-line system thus
developed is currently used for routine processing at the Southern California Digital
Seismic Network, and is providing the basic information on the distribution of ground-
motion to the public immediately after major earthquakes.
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Abstract

We developed a method to locate the strong ground motion centroid (SMC) from
the amplitude data observed with digital seismic stations in Southern California. The on-
line program thus developed is called "Richter" and is currently used for routine processing
at the Southern California Digital Seismic Network. In the program currently used, the
simulated Wood-Anderson amplitude computed from broad-band and strong-motion
records are used. To use this method effectively we determined the amplitude stations
corrections (i.e. amplitude site amplification factors) for all the stations. The station
corrections for each station are determined simultaneously with the earthquake magnitudes.

The method has been continuously modified to increase the speed and reliability of
the location method. The output from this program is providing the basic information on
the distribution of ground-motion in southern California immediately after major
earthquakes.




Research

The method described here was developed during the period, November, 1994 to
April, 1996. However, the method has been routinely applied to the data collected by
Southern California Seismic Network and we report here up-to-date results which we
believe are more useful than those obtained during the development stage of the project.

Program "Richter”

The program is based upon the method described in Kanamori (1993).
Earthquakes are traditionally located using travel times. However, since the ground-motion
amplitude generally decays with the distance from the source, it should also be possible to
locate earthquakes using amplitude data. Amplitudes are affected by many factors other
than the distance so that we do not expect to be able to locate the epicenter, the location of
the initial rupture, very accurately with amplitude data. However, locating earthquakes
with amplitudes has its own merits: For post-earthquake emergency services, it is often
more important to know the spatial distribution of strong-motion parameters such as peak
acceleration and peak velocity than the rupture initiation point itself. This is especially true
for thrust earthquakes. The amplitudes are usually much easier to determine than the arrival
times, especially for events with complex rupture patterns or with immediate foreshocks in
which event association can be difficult.

In "Richter", we use the amplitude, A, of simulated Wood-Anderson records, and
the following magnitude relation for southern California.

logA=M+ f(A,9,A) (1)

Here f(A) is the amplitude attenuation curve. We fit the observed Wood-Anderson
amplitude data with equation (1) and determine M, latitude (¢ ), and longitude (4 ) of the
strong motion centroid (SMC). Equation (1) is nonlinear with respect to ¢ and .. We
scan the model parameter space (M, ¢, A) to determine the approximate location of the

global minimum of the error function. Then we use the values of M, ¢, and A at that
location as the first approximation to determine the final solution using the method of least-
squares. This procedure is especially important for spotting an event located outside the
network.

ion Correction

In applying this method, accurate determinations of station corrections are
necessary. Since the amplitudes from the 3 components (Vertical, North-South, and East-
West) are used separately, the station corrections are determined for each component as
follows.

We assume that the amplitude variation with distance is given by,

a; = a4y jsi'b'—” CXP(“k’}'j) 2

where ajj is the amplitude at station i (i=1, 2, 3, ---, N) for event j (j=1,2,3,-, M), rjjis
the hypocentral distance between station i and event j, s; is the station amplification factor




for station i, and ay; is the amplitude factor for eventj. The constants n and k determine the

amplitude attenuation function in the form r"exp(-kr). For event j, we absorb s; in ay, and
write

loga; = logaoj —nlogr, + loge(—kr;j) 3)

and determine logay;, n, and k by solving a least-square problem for (3). Then, we
compute the reduced amplitude by

a; = a;/ a,, “4)

Having computed all a;.j for all the events, we re-determine n and k by solving a least-
square problem for

log(a,.j /a, j) =-nlogr, + loge(—kr;) 5)

for the entire data set. This procedure is essentially equivalent to stacking the data for all
the events with different magnitudes after normalizing the amplitudes to those with a
reference magnitude.

Because of the particular functional form of (2), considerable trade-off exists
between n and k. The values of n and k_for each frequency band thus determined are
1.1835, and 0.00497 km-1, respectively. shows the amplitude attenuation curve
determined in this project.

ML station corrections were determined as the average of the deviation of the
amplitude at each station from the reference attenuation curve shown in
Figures 2|[3]and[4show M _station corrections for all the digital stations currently
operating in southern California. | Table 1|lists the numerical values. With these station
corrections, we can determine the centroid accurately for most earthquakes with My 3.5 in
southern California. The centroid is currently used for making ShakeMap (Wald et al.
1998) which is providing key real-time ground-motion amplitude information to the public.
The centroid and the attenuation relation are used to interpolate and extrapolate the observed
amplitude distribution so that the resulting contour lines can represent the overal
distribution correctly. Two representative examples of ShakeMap are shown in Figures 5 |
and

Conclusion

With the use of high quality digital data, we have established a method of rapidly
mapping ground motion distribution immediately after a large earthquake. This method has
been implemented in the Southern California Seismic Network and is a key element of the
ground motion monitoring system in Southern California.
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Table 1. ML, Station Corrections

Station Lat. Long. N AML, St. Dev.
pasbz 34.148 -118.171 116 0.229 0.242
pasbn 34.148 -118.171 118 0.110 0.249
pasbe 34,148 -118.171 118 0.075 0.250
gscbz 35.302 -116.806 98 0.111 0.268
gscbn 35.302 -116.806 98 -0.063 0.278
gscbe 35.302 -116.806 98 -0.093 0.266
pfobz 33.612 -116.459 87 0.160 0.235
pfobn 33.612 -116.459 86 0.146 0.231
pfobe 33.612 -116.459 87 0.143 0.251
sbcbz 34.441 -119.715 106 -0.139 0.217
sbcbn 34.441 -119.715 106 -0.286 0.228
sbcbe 34.441 -119.715 105 -0.293 0.231
isabz 35.663 -118.474 74 0.228 0.200
isabn 35.663 -118.474 74 0.175 0.209
isabe 35.663 -118.474 74 0.137 0.212
barbz 32.680 -116.672 111 0.052 0.249
barbn 32.680 -116.672 113 -0.012 0.255
barbe 32.680 -116.672 115 -0.077 0.273
svdbz 34.107 -117.098 119 0.105 0.223
svdbn 34.107 -117.098 116 -0.221 0.232
svdbe 34.107 -117.098 117 -0.213 0.233
mlacbz 37.630 -118.836 103 -0.383 0.270
mlacbn 37.630 -118.836 95 -0.626 0.249
mlacbe 37.630 -118.836 92 -0.601 0.240
uscbz 34.019 -118.286 112 0.035 0.220
uscbn 34.019 -118.286 110 -0.227 0.221
uscbe 34.019 -118.286 110 -0.242 0.217
neebz 34.825 -114.599 108 -0.212 0.212
neebn 34.825 -114.599 109 -0.401 0.238
neebe 34.825 -114.599 109 -0.395 0.219
vtvbz 34.561 -117.330 118 -0.019 0.254
vtvbn 34.561 -117.330 118 -0.339 0.244
vtvbe 34.561 -117.330 118 -0.409 0.243
rpvbz 33.743 -118.404 120 0.063 0.186
rpvbn 33.743 -118.404 120 -0.230 0.227
rpvbe 33.743 -118.404 120 -0.353 0.217
dgrbz 33.650 -117.009 111 0.187 0.239
dgrbn 33.650 -117.009 111 0.091 0.262
dgrbe 33.650 -117.009 111 0.083 0.227
calbbz 34.140 -118.628 71 0.085 0.248
calbbn 34.140 -118.628 71 -0.140 0.267
calbbe 34.140 -118.628 71 -0.165 0.220
smtcbz 32.949 -115.720 18 -0.075 0.177
smtcbn 32.949 -115.720 18 -0.333 0.190
smtcbe 32.949 -115.720 17 -0.380 0.198
snccbz 33.248 -119.524 112 0.393 0.204
snccbn 33.248 -119.524 117 0.232 0.221
snccbe 33.248 -119.524 115 0.174 0.232
glabz 33.051 -114.828 15 0.106 0.245
glabn 33.051 -114.828 17 0.051 0.271
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Figure 2a. My, station corrections for the N-S component. The N-S component at the
Pasadena station is used as reference, where the station correction is fixed at 0.11.
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Figure 2b. ML, station corrections for the N-S component. The N-S component at the
Pasadena station is used as reference, where the station correction is fixed at 0.11.
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Figure 3a. ML, station corrections for the E-W component. The N-S component at the
Pasadena station is used as reference, where the station correction is fixed at 0.11.
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Figure 3b. ML, station corrections for the E-W component. The N-S component at the
Pasadena station is used as reference, where the station correction is fixed at 0.11.
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Figure 4a. ML, station corrections for the vertical component. The N-S component at the
Pasadena station is used as reference, where the station correction is fixed at 0.11.
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Figure 4b. M, station corrections for the vertical component. The N-S component at the
Pasadena station is used as reference, where the station correction is fixed at0.11.
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Figure 5. ShakeMap for M=4.4 earthquake on Aug. 20, 1998.
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Figure 6. ShakeMap for M=4.7 earthquake on Oct. 1, 1998.
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